Recently, agent techniques in electronic marketplaces (e-marketplaces) bring B-to-B trading into a new era. However, not much analysis on the behavior of agents has been reported. In this paper, based on the ant algorithm in network routing, we introduce a jumping (searching) model for agents in an e-marketplace network. However, we should be aware that if there are too many agents in the e-marketplace network, they will use up all communication bandwidth and computing resource. It is inevitable to investigate the behavior of agents, such as agent population. Based on the existing results in the ant algorithm in network routing, we present the behavior of agents in an e-marketplace network. Hence, we can control the agent population by setting the appropriate agent generation rate.
Introduction
An electronic marketplace (e-marketplace) [5, 8] , shown in figure 1, is a platform for buyers and sellers exchanging products and services. A buyer first keys in the specification and price range of buying items. The marketplace server then matches trading partners for the buyer and sends out the Request For Quotation (RFQ). Considering the specification and price range, suppliers can return the quotation to the buyer and wait for the confirmation. Once the buyer has received all quotations, the buyer can select the best offer and send back a purchasing order to the selected supplier.
As e-marketplaces can reduce the searching cost, as well as the administration cost, in both buyer and seller sides, it is expected that the trading volume via e-marketplaces will be increased. In Gartner Press Release, January 26, 2000 [8] , Gartner Group predicted that the amount would hit 7.27 Trillion USD in 2004. Owing to boost the global Internet trading, many US-based e-marketplaces have been either joinventured or partnered with regional e-market organizations to make super e-marketplaces. For example, the FreeMarkets B-to-B Global Marketplace enables buying from more than 160 supply verticals and more than 9300 suppliers from over 55 countries. A number of e-marketplaces can also be connected together to form an e-marketplace network. For example, the Global Trading Web contains nearly 100 e-marketplaces (both vertical and horizontal) which forms an Internet e-marketplace community consisting of more than 7000 supplies and buyers.
Nowadays, many e-marketplace servers use intelligent agent techniques for web search, product recommendation, and even price negotiation [8, 11, 15] . Most related research in agent-mediated e-marketplaces focuses on brokering [1, 16] and negotiations [13] . In agent brokering, research works focuses on solving the problem of matching buyers and sellers. For example, in [16] , an agent-based protocol that uses multiple criteria to match buyers and sellers was proposed. Its matching process contains four stages: selection, evaluation, filtering and assignment. In agent negotiation [8] , research works focuses on developing automated reasoning mechanisms to simulate human traders. For example, in [8, 10] , fuzzy reasoning with knowledge representing is used for modeling human behavior. In [9] , a negotiation protocol based on the cooperative game theory was proposed for power markets. In [14] , a fuzzy game theoretic approach was explored to model some Internet transactions, such as B-to-B price negotiation, B-to-C competition for customers, and C-to-C online auction. Besides, there are a number of other approaches for agent based negotiation [2, 7, 22] . For example, utility theory [4] was used for trading agents.
When using agent techniques in e-marketplaces, a large number of agents will be generated in the e-marketplace network. In this regard, it will lead to many problems, such as the server loading and the scalability problems [12] . However, less attention has been paid on the analysis of agent behavior in e-marketplaces. In this paper, we model the jumping (searching) mechanism of agents among the e-marketplace network as a modified ant algorithm [3, 17, [19] [20] [21] , which was originally used in network routing. To avoid generating agents using up all resources in the e-marketplace network, we use the existing result [17] of the modified ant algorithm to investigate the behavior of agents in e-marketplaces, as well as to control the population of agents by setting the appropriate agent generation rate.
In section 2, the architecture of an agent mediated e-marketplace is sketched. In section 3, we first give an introduction on the ant algorithm in network routing and then model the jumping mechanism of agents in e-marketplaces as a modified ant algorithm. The behavior of agents in e-marketplaces is revealed in section 4. Design guidelines that limit the agent population and the agent migration will be summarized in section 5. The conclusion is presented in section 6.
Agent-mediated e-marketplaces
In short, an agent is a program that is executed on an authorized machine on behalf of the agent owner. One advantage of using agent technology is to reduce the bandwidth requirement between the agent and owner. In recent years, many researchers have suggested various designs on agent-mediated e-marketplaces [8, 12] . The general idea is to make use of agent technology to help the user easier to use e-marketplaces services, such as looking for trading partners and bidding for an auction. Besides, a number of personalized agents also helps users narrow down the search using user-predefined profile. Every time an user logins the web-account and starts a search for trading partners or products, the agent will conduct the search automatically. The search can range from mining a single e-marketplaces to an e-marketplaces network. The search can also range from mining catalog pages to auction pages. The general purpose is to dig as much information as possible for the user.
The mechanism of supplier/buyer agents in B-to-B e-marketplaces is similar to that of an agent in B-to-C marketplaces. Once a client keys in the criteria, such as the specification and the price range of a product, the agent will automatically fetch the web for the suppliers' information from various e-marketplaces and send out the RFQ. If there is any on-going auction has been conducted in e-marketplaces, the agent may even search for the latest market price of the product and give recommendation to the user. Or it can response to the bidprice change and bid immediately.
According to the figure mentioned in the last section, the total number of listed suppliers and buyers in an e-marketplace network may be more than 170 K. This figure does not include merchants who are not listed on the trade directories but are using some software solutions. Hence, the actual number of merchants should be much greater than 170 K. If all merchants access servers simultaneously, those servers will surely be hold-up. Hence, it is necessary to set-up criteria limit the generation and dispatching agents within an e-marketplaces network. If the combinatoric auction is imposed in the e-marketplaces network, the additional load for real-time bidding will be much higher.
Searching operation of agents in an e-marketplace network

Ant algorithm in network routing
Network routing is a problem in network management [18] . Once a packet is required to be sent to a destination (pointto-point) or to multiple destinations (multi-cast), the router should recommend a good path (or even the shortest path) for sending this packet over the network. As searching for the optimal path in a stationary network is already a difficult problem [6] , the searching for the optimal path in a faulty network or mobile network will be much more difficult. The ant routing algorithm [3, [19] [20] [21] is a routing algorithm for these difficult situations. The basic idea of the ant algorithm is similar to the path searching process of an ant. Once a request for sending message is received from a server, the server will generate a number of mobile agents like ants. Those agents will then move out from the server to search for the corresponding destination host. Once an agent has reached the destination, it will send back the information of the path, that it has been passed, to the source host. While the source host obtains sufficient information, it will pick up the best path. The essential idea of the algorithm can be described as follows:
(1) In a host, once a point-to-point connection request has been made, k ant agents (explorer agents) are created and are sent out to the network.
(2) Those explorer agents traverse the network from the source to destination. At each node, each explorer agent will randomly select a neighbor node to move forward. For example, if an agent has moved from node A to node B, and both node C and node D are also connected to (3) Once an explorer agent reaches the destination node, it will traverse backward to the source node and then will report its explored path to the source node.
It should be noticed that the above jumping mechanism can make an explorer agent get stuck in a host. Let us take figure 2 as an example. Suppose an explorer agent is sent out from node B to node D. By chance, it moves to node C in the first jump and then moves to node A in the second jump. As the explorer agent can only move forward, it finally gets stuck in node A. In order to alleviate this problem, we modify the algorithm presented in [20] as a modified ant algorithm in [17] .
E-marketplace networks and jumping mechanism of agents
Usually, an e-marketplace network (global e-marketplace) is assumed to be densely connected because each e-marketplace participated in the community must hyperlinked to each other. Figure 3 shows a simple example. Each e-marketplace will also be hyperlinked to some trading members subscribe the services provided by the e-marketplace. Suppose a search agent from e-marketplace A is going to fetch trading partners for a particular product. It will first search within e-marketplace A. After the search is finished, it will die or randomly jump to either B or D. If it jumps to B and the search at B is finished, it will die or randomly select the next visiting e-marketplace (either A or C). The above jumping mechanism is similar to an ant algorithm in network routing [17, 20] . However, this jumping mechanism is one of many methods. A more intelligent method is to memorized those e-marketplaces that have been visited. Hence, the agent can select randomly from the set of e-marketplaces that has not been visited. Since extra memory space is needed for the list of visited e-marketplace and the migration model is different, a separated analysis is required. However, the forward-only jumping method can make the agent get stuck in a host. The essential idea of the jumping mechanism of agents in e-marketplaces can be summarized as follows:
(1) In a host, once a search is requested, k agents are created and sent out to the e-marketplace network. Note that k 1.
(2) In an e-marketplace, an agent grasps the trading partner information.
(3) After an agent grasps the information in the current e-marketplace, it send back the information to the source e-marketplace and then migrate to a randomly selected e-marketplace that is hyperlinked to the current e-marketplace.
For those e-marketplaces that are hyperlinked to the ith e-marketplace are called the neighbor hosts of the ith e-marketplace. It is denoted by i . In ith e-marketplace, each agent will randomly select one neighbor host with probability
and jump to. The parameter | i | is the total number of neighbor hosts of the ith host. It should noticed that probability of an agent that can jump is equal to | i |/(| i | + 1). That means, in the ith e-marketplace, an agent will die with probability equal to 1/(| i | + 1). Hence, the agent population does not increase to infinity.
Agents population
Let p i (t) be the number of agents running in the ith e-marketplace at time t and r i (t) be the number of requests initiated at time t in the ith e-marketplace. Besides, we assume that the network is a connected graph. The dynamical change of agents in the e-marketplace network can be given by the following stochastic equation:
where p i (0) = 0 for all i, δ jil (t) indicates the selection of the lth agent in the ith e-marketplace, i.e.
δ jil (t) = 1, if the lth agent select the j th e-marketplace, 0, otherwise, and
That means the lth agent selects only one neighbor j ∈ i . In accordance with the search model,
. , p i (t).
Taking the expectation on both side of equation (1), it is readily shown that the evolution behavior of the ant routing follows Markov property,
wherex is denoted as the expected value of x. In a compact form, equation (2) can be rewritten as follows:
whereˆ
and A = (a ji ) N×N and
Suppose a survival agent is an agent running after the current step of transition, a ji is the delivery rate of a survival agent transmitted from i to j ∈ i . If the number of requests in each e-marketplace is stationary and each e-marketplace has the same expected value of number of requests (r i (t) = m for all i and t), equation (3) can be written asˆ
where e = (1, 1, . . . , 1) T . Since the jumping mechanism of agents is identical to the modified ant routing algorithm that has been presented in [17] , the convergence result can thus be expressed by the following theorem.
Theorem 1.
The expected value of number of agents running in each e-marketplace is less than or equal to (1 + max i {| i |})km. If we know the spectral radius of A, denoted as σ (A), we can get a bound on the average number of agents in the network. It is less than N km 1−σ (A) , where N is the number of e-marketplaces. Note that A ∞ =
Proof. Firstly, the infinity norm of A, A ∞ , is given by
Referring to equation (4), we can expressˆ p(t + 1) in terms of A and km e,ˆ p(t + 1) = t τ =1 A t −τ km e, assuming that p(0) = 0. Hence,
In the above, if we use the spectral radius as the norm of A rather than the infinity norm, we can get the bound on the average number of agents in the network,
Let Q A (t) be the covariance of p(t). We can also derive the following recursive equation for Q A (t):
where Q A (0) is zero matrix. Since the spectral radius of A is less than 1, Q A (t) converges and the following theorem can be obtained.
Theorem 2. Each diagonal element of Q A (t +1)
, the spectral radius of Q A (t + 1), and the infinity norm of Q A (t) are less than
. If we know the spectral radius of A, a more tight bound on the spectral radius of Q A (t +1) is equal to
Proof. To prove this theorem, we only need to prove
From equation (5),
Hence,
Of course, in the above, we use the spectral radius as the norm of A, we get
With the above two theorems, we can use some inequalities in statistics to bound the number of agents. For example, if we further assume that the distribution of agents is normal, we can use the large deviation theory to find a value p such that the probability that the number of agents is greater than p is close to zero.
Agents migration
Another concern in the agent-mediated e-marketplace is about the number of agents being migrated from one e-marketplace to another. If there are too many agents migrating between say A and B, it is for sure that the communication between A and B will be jammed. In [17] , we have already proved a bound on the number of propagating agents in the ant routing algorithm. For agent search in e-marketplaces, we can have a similar theorem. Proof. The proof is accomplished by induction. Consider the j th row in equation (4) ,
1+| i | be the average number of agents propagating in j th host from the ith host at time t, we can thus rewrite the above equation as follows:
Obviously,f i (t) km for all i = 1, . . . , N impliesf j (t + 1) km. Since the initial value off i (0) is zero andf i (1) is equal to km 1+| i | (which is smaller than km). Therefore, by the principle of induction, the proof is completed.
With this result and by definition -f i (t) =p i (t )
1+| i | , it can readily be shown thatp i (t) (1 + | i |)km and the following theorem.
Theorem 4.
The expected value of number of agents in the ith host is less than or equal to (| i | + 1)km.
Unlike theorem 1, we cannot obtain a tight bound on the average number of agents in the network based on theorem 4 and the spectral radius of A. Theorem 4 shows that the upper bounds on the expected value of number of agents in an e-marketplace is depended on the local parameter | i |, which is the size of the neighbor set but not depended on the global parameter σ (A). If an e-marketplace has to be hyperlinked to the e-marketplace network, we no need to check the global parameter σ (A). We can simply check the computational power of the machine and decide the number of hyperlinks in the partner page. Another beauty is the proof of the number of agents being propagating in a link is less than or equal to km. Therefore, simple rules for controlling agent flowing in the network and the number of agents being processed in the network machines can be obtained.
Conclusion
In order to provide information and guideline for the design of an effective agent algorithm in e-marketplace, this paper has attempted to model an agent search and thus analyzed its migration behavior. Using theorems being proved, we can obtain some guidelines for agent population and migration control, such as limit the agent generation rate and the number of e-marketplaces being hyperlinked in a page.
